Manual procedures have been developed for determination in human cerebrospinal fluid of the immunoglobulins lgG, IgA, and 1gM. An automated continuous-flow procedure for determination of lgG in human CSF is also described. The immunoglobulins are quantitated in both cases by immunoprecipitin reactions, with use of commercial antiserum. Values determined for the immunoglobulins by the manual method correlate with values for gamma globulin obtained by electrophoresis. The values for lgG from the manual method also correlate with lgG values determined by the automated procedure. The precision of duplicate determinations with the manual procedures for IgG, IgA, and 1gM is 3.4, 1.8, and 1.0% (relative standard deviation), respectively, and that for lgG with the automated system is 3.48%. (15) in 1946, and more recently by Oudin (16') and Preer (17) . This very sensitive procedure requires as little as 50 ,.tl of specimen for each determination.
Additional Keyphrases
The present study was undertaken to measure IgG, IgA, and 1gM immunoglobulins in unconcentrated CSF by using this Oudin method. In addition, an alternative method is presented for measurement of IgG in unconcentrated cs', based on an automated technique developed in our laboratory for measuring IgG, IgA, and 1gM in human serum (18) . The sensitivity we observed in this technique for serum was excellent, and it was apparent that modifications should permit the measurement of CSF immunoglobulins.
Materials and Methods

Apparatus
Automated system. Figure 1 shows the manifold and flow system used to determine A broad spectrum lgG complex of light-scattering was observed from 325 to 500 Figure 4 . The flow characteristics of the square microscale flow cell required that a wash cup be placed between each sample to eliminate carryover. Using a 50/h, 1:1 sample cam this gave a sample rate of 25 per hour with 36 s of sampling time and 108 s of wash between samples. The same sample rate and sample-to-wash ratio could be obtained using a 25-per-hour cam with a sample: wash ratio of 1:3. The superiority of the square microscale flow cell was shown in a previous study (18) with serum immunoglobulins.
-------------------------UNKNOWN SAMPLES
The precision of the method for IgG was determined by performing 23 replicate analyses on pooled human CSF. The values ranged from 3.33 to 3.78 mg/dl (mean, 3.53 mg/dl, standard deviation, ± 0.12 mg/dl, coefficient of variation, 3.48%). Correlation studies.
IgG concentrations of 38 CSF samples from hospital patients were determined by both the present automated method and the manual one-dimensional immunodiffusion technique ( Figure 5 ). The slope of the regression line was 1.013 with a standard error of estimate of 0.928 mg/dl and a correlation coefficient of 0.999.
Manual Procedure
Standard curves. Typical standard curves for all three immunoglobulins are presented in Figures  6, 7 , and 8. We used standard concentrations (mg/dl) of 1.75, 3.5, 7.0, 14.0 for IgG; 0.45, 0.9, 1.8, and 3.6 for IgA and 0.55, 1.1, 2.2, and 4.4 for 1gM.
Sensiticity and precision. The limits of sensitivity for IgG, IgA, and 1gM are given in Table 1 , the precision of the methods in Table 2 .
Correlation studies. To correlate the values obtained by the method just described, we deter- Selection of a 1 g/dl agar gel ensures true diffusion of the immunoreactants because the pores of the gel network are greater than the antigen particle size. A clear agar is essential for viewing the precipitin band.
In the preparation of the antibody-agar mixture, attention should be given to the concentration of antibody in the antiserum. 
